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(54) Apparatus reproducing signals on slow reproduction 



(57) A digital video cassette recorder reproduces 
signals which have t>een compressed to digital data and 
recorded in predetennined M tracks (M ^ 1) with helical 
scan in the unit of page consisting df N frames (N ^ 1). 
Further, position data have been added to the digital 
data on recording. On reproduction, the position data 
are detected to determine which reproduction position 
is reproduced, and a control signal to designate a fieki 
to be output is generated by observing tfie reproduction 
position during a frame period. A first storage device 

Fig. 1 



stores decoded data in the unit of N frames, while a sec- 
ond storage device delays the data a time of one fieki. 
By observing the reproduction situation with the position 
data, a memory controller controls reading from the first 
storage devk:e according to the control signal, while a 
switch selects data to be output between data from the 
first storage device and data from the second storage 
devKe according to the corrtrol signal. 
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Des^ption 

BACKGROUND OF THE INVENTION 
5 TECHNICAL FIELD 

[0001 ] The present invention relates to a digital video cassette recorder where digital signals are subjected to high 
efficiency compression for recording and in particular to slow reproduction of signals in such a digital video cassette 
recorder. 

10 

BACKGROUND ART 

[0002] In a digital video cassette recorder, video signals are digitized, and the digital signals are sti)jected to high 
efficiency coding and recorded in a plurality of tracks with helical scan. Slow reproduction is a function of a digital video 
15 cassette recorder, and signal processing on slow reproduction is descrit)ed, for exaniple, in Japanese Parent laid open 
Put)lications 3-132183/1991 , 5-344472^993 and 9-261591/1997. 

[0003] In a prior art digital video cassette recorder descrbed in Japanese Patent laid open Puk)lication 3- 
132183/1991, signals consi^ of a series of unit period such as horizontal period (referred to as block). arxJ an index 
signal is added to each block. An index number indicates a number of field to which the k3lock fc>elongs and a number of 
20 block. When signals are reproduced, an index number is reproduced to d^ermine which field is to t>e reproduced. 
Reproduced signals are subjected to error correction and the like for each block and stored in a frame memory. In slow 
reproduction, the data of one field stored in the frame memory are read in the unit of field according to change in the 
detected index nurrber, 

[0004] In the digital vkJeo cassette recorder, the index numt)ers added on recording are reproc&jced. and the output 
25 fieU is controlled on reproduction. Kkswever, if data are subjected to high efficiency compression in the unit of field or 
frame and siiijected to shufffing recording, index number cannot be defined when signals are recorded. Then, the out- 
put fiekJ cannot be controlled. 

[0005] Another prior art digital video cassette recorder descrft)ed in Japanese Patent laid open Publicatbn 5- 
344472/1993 solves this problem. Data are compressed at a high efficiency in the unit of fiekJs (^-oip) and subjected 

30 to shufffing recording. When compressed data in a plurality of fields (a a group) are read, truck index numbers which 
have been added on recording are reproduced to detect which position is reproduced. Signals of each f ield are output 
according to the detection in the unit of groi^). However, v^en compressed data are reproduced, the output of data are 
completed in each group. Then, the output time for a field on slow reproduction varies largely anwng fields. Thus, the 
reproduced pictures are not smooth on slow reproduction. 

35 [0006] In a prior art cfigital image signal reproduction apparatus descra>ed in Japanese Patent laid open Publication 
9-261591/1997, when compressed image data are read in the unit of a plurality of fiekls (or a group), the last field in a 
group and the first fieM in a following fieM can be output as one frame in sk3w reproduction. Then, the output of the 
reproduced images is improved to continue more snxxythly. However, though the operation at a particular reproduction 
speed is described. It is notdescn't>ed how the slow reproduction is controlled at any reproduction speed. 

40 

DISCLOSURE OF THE INVENTION 

[0007] An object of the present inventkxi is to provide an apparatus where an image can be reproduced snxxslhly on 
skyw reproduction. 

45 [0008] An apparatus according to the invention reproduces data recorded on a tape in shiw reproduction. The digital 
video signals are compressed and recorded in predetermined M tracks (M ^ 1) on a tape with helical scan in the unit of 
a page consisting of N frames (N ^ 1), and position data representing position in the M tracks are added to the digital 
data on recording at predetermined positions in the M tracks. A reproduction processor converts signals reproduced 
from a magnetic tape to compressed digital data. A decoder decodes the conrpressed digital data reproduced by the 

50 reproduction processor to digital data, arxJ a first storage device stores the decoded data in the unit of N frames. Fur- 
ther, a second storage darice delays data received from the first storage device by a time of a frame. On the other hand, 
a position detector detects the position data in the data reproc&jced by the reproduction processor to detenmine which 
reproductkm position is reproduced in an area where the data in a page are recorded. Thus, the situatkm of data repro- 
duction is observed by detecting the positk)n data. A read controller receives the reproduced position during a frame 

55 period and generates a control signal accorcfing to the determined reproductk>n position observed during a frame 
period. The control signal is determined to make output time of a frame even. A menvxy controller controls read from 
the first storage device according to the control signal, while a switch selects data to be output between data received 
from the first staage device and data received from the second storage device according to the control signal. This dis- 
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dosure of the invention does not necessanly descrbe a!l necessary features so ttiat the invention may also t>e a sub- 
combination of these described features. 

[0009] Preferably, a frame consists of two fields. The second storage device delays data received from tfw first storage 
device by a time of a field. The read oontroller generates the control signals by checking whether reproduction of an 
5 area of M/(2N) tracks of an area recording the data of one page is completed in the former haff or in the latter half of a 
frame period and whether the completion of the reproduction of an area of M/(2N) tracks is zero, one or two times in a 
frame period, the control signal being determined to make output time of a field even. 

[001 0] Preferably, the menrtory controller controls the riding according to a combination of the control signal of a prior 
frame arxi that of a current frame. 
10 [0011] PrefeFat)ly, the switch selects the data to t>e output according to a corTt>ination of the control signal of a prior 
frame and that of a current frame. 

[0012] Preferably, the decoder comprises an inner correction decoder and an outer conection decoder. The position 
data are added to the digital data sii^jected to outer correction. The inner correction decoder subjects the data repro- 
duced t>y the reproduction processor to inner correction decoding. The read oontroller receives the data from the first 
IS inner correction decoder and detects the position data therein. 

[001 3] Preferably, the position data includes a first position information representing a position in a track and a secorvi 
position information representing a track in the M tracks. 

[001 4] Pref erak)ly, the position detector determines the secorxl position information detected at the last in a scan arxi 
detects the first position information detected first after the determined second position informatfon is changed. 
20 [0015] Preferably, the secorid position information is recorded to have a rnargin relath^ 
currently. 

[001 6] Preferably, data are recorded to the tape with shuffling in the M tracks and the reproduction processor converts 
the recorded data to the digital data without shuffling. 

[0017] Preferably, the read controller generates the control signal further by taking direction of tape running into 
25 account. 

[0018] In a method according to the invention for reproducing signals recorded on a tape in stow reproduction, the 
signate are conpressed to digital data and recorded in M tracks (M ^ 1) on a tape with helical scan in the unit of a page 
consisting of N frames (N ^ 1). and position data representing positfon in the M tracks are added to the digital data on 
recording at predetermined positions in the M tracks. On reproduction, signals reprodiced from a magnetic tape are 

30 converted to compressed digital data. The reproduced digital data are decoded and the decoded data are stored in a 
first storage device in the unit of N frames. Further, data received from the first storage derice are stored in a second 
storage device for delay by a time of a frama On the other hand, the position data in the reproduced data are detected 
to determine which reprocfoction position is reproduced In an area where the data in a page are recorded. A control sig- 
nal is generated according to the determined reproduction position observed during a frame period, the control signal 

35 t>eing determined to make output time of a frame even. ReadSng from the first storage device is controlled according to 
the control signal, and data to be output are selected according to the control signal between data received from the 
first storage device and data received from the second storage device. 

[0019] Preferably, in the metfKXi, a frame consists of two fields. The data received from the first storage device are 
delayed by a time of a fieki. The control signals is generated by checking whether reproductfon of an area of M{2N) 
40 tracks of an area recording the data of one page is completed in the former half or in the tatter half of a frame period 
and whether the completion of the reproduction of an area of M/(2N) tracks is zero, one or two tirrtes in a frame period. 
The control signal is determined to make output time of a f ieU even. 

[0020] Preferat)ly, in the metfKXl, the position data includes a first positfon information representing a recording posi- 
tion in a track and second position information representing a track position in tfie M tracks. 
45 [0021] An advantage of the present invention is that images can t>e reproduced snxxythly on slow reproduction in a 
digital video cassette recorder. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 [0022] These and ottier objects and features of the present invention will become dear from the following description 
taken in conjunction with the preferred embodiments thereof with reference to the accompanying drawings, and in 
which: 

Fig. 1 is a bfock diagram of a video signal processor of a digital video cassette recorder for realizing a control 
55 method according to an embodiment of the invention; 

Fig. 2 is a diagram for explaining relation of track trace patterns of magnetic head and second information detected 
on stow reproduction of 1/3 times speed; 

Fig. 3 is a diagram for explaining relation of track trace patterns of magnetic head and second information deter- 
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mined on slew reproduction of 1/3 times speed; 

Rg. 4 is a flowchart of generation of a position infamation by a position detector; 

Rg. 5 is a time chart for exp^ning relation of determined second d^ected information and position relation on stew 
reproduction of 1/3 times speed (in a case of N=1 , M=10, arxi P-10); 
5 Rg. 6 ^ a time chart for explaining relation of determined first and second detected information and position relation 
on slow reprocbjction of 1/3 times speed (in a case of N^, M=10, and P=10); 

Rg. 7 is a time chart on slow reproduction of 1/3 times speed with a video signal processor according to an embod- 
iment of the invention (in a case of N=1. M=10, and P=10); and 

Rg. 8 \s another time chart on slow reproduction of 1/3 times speed with the signal processor according to an 
10 embodiment of ttie inv^on (in a case of N:=1. M-10. and P=10) . 

PREFERRED EMBODIMENTS OF THE INVENTION 

[0023] Referring now to the drawings, wherein like reference characters designate like or corresporxfing parts 

IS throughout the several views, Rg. 1 showsavideosignalprocessor of a digital vkieo cassette recorder according to an 
embodiment of the invention. In the video signal processor, a recording processor 1 00 converts digital signals to analog 
rf signals arxJ records them to a magnetrc tape It is explained here how si^ials are recorded to a magnetic tape with a 
magnetic head. One page of signals consists of N frames where N is an integer equal to or larger tfian one. In order to 
deaease the storage capacity of data, data are siiijected to high efficiency coding, for example, by using disaete 

20 cosine transfornriation, vector quantization arxj variable length codirtg for the digH^ Next, the compressed cfigital 
data of one page are blocked. Then, digital data for one page are shuffled in M tracks where M is an integer equal to or 
larger fhan one arxJ recorded with helical scan to a magnetic tape. An area in correspondence to M/(2N) tracks can be 
considered TO represent an area wherein data of one f ieU to be recorded after data of N frames are sutijected to high 
eff k;iency coding and recorded as one page. 

25 [0024] In each tracK the digital data are recorded in the unit of a recording block or a sync block consisting of a pre- 
determined number of sync data. When signals are recorded, first parity codes for inner correction and second parity 
codes for outer correction are added to the recorded data Actually, a second parity code is added first for each sync 
data. Then, to the data in a sync block to which the second parity codes have been added, a first parity code s are 
added. Further, as a feature of this errtodiment, position data wftich will be explained later is added on recording to tfte 

30 data in tfie unit of syr)c ttock. The position data represents a recording position in the M tracks. 

[0025] In this example, the position data includes first position information and second position information. The first 
position information represents a position of a track in M tracks. Thus, it is a bk)ck nurTt>er which represents a sync bkxk 
in a tracK and if P sync blocte are recorded in a track, the first position information is an integer from 1 to P. The second 
position information represents a position of a track in M tracks or in an area wherein one page of data are recorded, 

35 arxi Hisatracknumberof an integer from 1 to M. 

[0026] Next, reproduction of signals from a tape is explained. A reproduction processor 102 processes rf signals 
detected with a magnetic head 101 from a magnetic tape to reproduce distal data. Then, an inner correction decoder 
1 03 performs inner correction for the reproduced data acconfing to the first parity codes added for inner correction on 
reoorcfing. The corrected data are supplied to an outer correction decoder 106 and to a position detector 104. 

40 [0027] The outer correction decoder 106 performs outer correction for the data received from the inner correction 
decoder 1 03 with a menx>ry 1 07 provided for outer connection by i^'ng the second parity codes added for outer con-ec- 
tion on recording. Then, a high efficiency decoder 108 decodes the data received from the outer correction decoder 
1 06. and an N frame memory 1 09 stores the decoded data of one p^e consisting of N frames. Further, a firstnn first- 
out (FIFO) nr)enx>ry 1 10 is provided as a second n)enrK>ry for delaying ttie da 

45 ofonefiekj. 

[0028] A read controller 114 receives a position signal 105 generated by the position detector 104 according to the 
position data detected in the data received from ftte inner correction decoder 103. Further, it also receives a direction 
signal 112 and a speed signal 113 from the magn^head 101. The direction signal 112 represents rotation direction 
(fonvard or reverse) of a capstan motor for driving the magnetic tape, while a speed signal 1 13 represents whether the 

50 speed of the capstan motor is slow reproduction speed or normal or^. The read control signal 115 s supplied to a mem- 
ory controller 116 for the N frame menxMy 109 and an enable signal generatorforthe switch 111. The menrv>ry control- 
ler 1 16 controls a field to be output from tfw N frame memory 109. A switch 111 as a means for switching read data 
selects field signals 118 supplied from the N frame memory 109 or delays field sigr^ 119 supplied from the FIFO 
memory 1 10 which has delayed the field signals 1 1 8 by a time of one field. Then, the switch 111 outputs the selected 

55 signals through an output terminal 1 1 7. The selection by the switch 111^ controlled by an enable signal generated by 
an enable signal generator 120 according to the read control signal 115 supplied by a re^ controller 114. 
[0029] Irrportant operations on slow reproduction are explained in detail betow. especially on the position detector 
104. the read controller 1 14. the menrK3ry controller 1 16 and the switch 111. 
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[0030] The position detector 1 04 detects first and second position information in the recorded data which have been 
added on recording in the unit of sink block and outputs the position signal 105 representing a position in a magnetic 
tape. The first position information is a bkKk number which represents a syrK: block in a track. If P sync bfocks are 
recorded in a track, the first position information \s a number from 1 to P. The second position information ^ a track 

5 number which represents a track in M tracks of one page, and the first position Information is a number from 1 to M. 
[0031] In the sfow reproduction the magnetic head 101 scans a magnetic tape and crosses a plurality of tracks. 
Because the same track is scanned repeatedly, the same first and second position information are detected repeatedly 
Rg. 2 shows an exarrple of slow reproduction at 1/3 times speed wherein three tracks having second data of 1 0, 1 and 
2 are shown. The speed of skiw reproduction is expressed relative to the speed of normal reproduction, and "1/3" 

10 means that the speed of reproduction is 1/3 times that of normal reproduction. Slant lines in Rg. 2 represent traces of 
the magnetic head 101 for reproduction, and arrows thereof represent scan direction. The numerals shown in Rg. 2 are 
the second position information along the traces of the magnetic head in the scans, tn the example, the track on which 
the second position information of 10 is added is detected six times. In the first, second and third scans, the second 
position information to be detected is changed from 1 to 1 0. while in the fourth, fifth and sixth scans, the second position 

15 information to be detected is changed from 2 to 1 . Therefore, it is difficult to deterrrvne which position is reproduced 
actually 

[0032] Then, as shown in Rg. 3. the first position information is detected at the last in a scan. The same track may 
not necessarily be read once, and when a track is read, it is not sure that the same track is not read again. Thus, in 
order to prevent erroneous detection, the second position information to be detenmined has a margin relative to a cur- 

20 rent infomnation to be detected. In the exarrple shown in Rg. 3. the margin is one. Thus, a track from which the signals 
have been reproduced conpletely is detected, and the track position in the tape is identified. As to the first position infor- 
mation, it is recognized when detected first after the determined second position information Is changed. Thus, a posi- 
tion in a track is Identified. In the example shown in Rg. 3. after the determined second position information is cfianged. 
fa exarrple. from 10 to 1 , the first position information of 0 to 10 are determined. 

25 [0033] Rg. 4 shows a fbw of generation of the position information 105 by the position detector 104. When the posi- 
tion detection is started (step S10). the first and second position Informations are detected in the reproduced data (step 
S12) . Next, ttie track position in the M tracks is determined with a margin for the second position irrformation. as 
exp^nedabove(stepS14). Then, the track position in the M track In a prior cyde is compared with that In the M trad® 
in the current cyde (step S16). If there Is no change, the position in a track is determined according to the first position 

30 detection Infomnation not yet deteded (step SI 6). On the other hand, if there is a change, the position In a track Is deter- 
mined according to the first position detection information (step SI 8). Then, the position information 105 is generated 
according to the track position and the position in the track (step S20). It is explained here that this flow is performed by 
a microprocessor provided in the position detector 104. but it may be replaced witii hardware components. 
[0034] The position signal 105 provided for representing a position in a magnetic tape is generated by the position 

35 detector 1 04 accordng to ihe first and second position informatfons. Though it Is mentioned above that an area in cor- 
respondence to M/(2N) tracks represents an area wherein data of one field can be considered to be recorded, the 
anfKUjntofdataln the area In conrespondence to M/(2h4 tracks is actually different anriong fields, and data of on^ 
is not necessanly recorded in an area in correspondence to M/(2tM) tracks. Further, because tfie data are recorded after 
shuffling. W (2N) tracks from the top of one page is not necessarily the first field. However, if we simply assume that 

40 data Of one field are recorded In W(2IS0 tracks, it can be the that the position Signal 105 Is 

of a fiefo in each frame and at tow level In the latter half thereof. That is. the position signal 105 is a signal changed 
repeatedly between high level and low level each time when an area in corresponderice to M/(2N) tracks Is reproduced 
from the top of the M tracks. 

[0035] Rg.5showsaneo(ampleofslowreproductionof 1/3tinfiesspeedwhereN = 1. M = 10andP = 10. Inthiscase. 

45 M/(2N) = 5. Thus, the position signal 105 is changed between high level and fow level each time when an area in cor- 
respondence to 5 tracks is reproduced from the top of the M tracks. Rg. 5 shows switching signal (A) for the magnetic 
head, the determined second position information (B). and the position signal 105 (C) which is at high level for the sec- 
ond position information between 1 and 5 and at low level for the second position Information between 6 and 1 0. 
[0036] Rg. 6 shows another example of slow reproduction at 1/3 times speed where N = 2, M =: 1 0 and P = 1 0. tn this 

50 case. M/(2tO ~ 2.5. Thus, the position signal 105 Is changed between high level and low level each time when an area 
in con^espondence to 2.5 trad® Is reproduced from the top of the M tracks. Rg. 5 shows switching signal (A) for the 
magnetic head, (B) shows the determined first position Information. (C) shows the determined second position informa- 
tion and (D) shows the position signal 105. 

[0037] Next, read control by the read controller 1 1 4 is explained. The read controller 1 1 4 receives the position signal 
55 105. the direction Signal 112 and the speed signal 113 to generatethe read control signal 115. Asshown In Table 1. the 
read control signal 1 15 Is determined according to a combination of the checked position signal 105 (phase tttereof rel- 
ative to the frame signaQ. the direction signal 112 and the speed signal 113. In the read control, it is checked first 
whether toe direction signal 1 1 2 denotes nonmal reproduction or reverse reproduction (the first column in Table 1 ). The 
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direction signal 112 is at low level for reproduction in normal cfirection and at tiigh le^ for reproduction in re/erse direc- 
tion. Next, it is checked whether the speed signal 1 13 denotes slew reproduction or not (the second column in Table 1). 
The speed signal 113 is at high level for slow reproduction and at high lev^ otherwise. Further, it is checked how the 
position signal 1 05 is changed in a frame period (the third column in Tattle 1 ). That is. it is checked whether the position 
signal 105 is changed in the fornix or latter half in a frame perkxi. It is also checked whether the change in the posrt^ 
signal 105 is observed zero, one or two times in a frame period. In the third column in Tatsle 1 , it is shown schematk;ally 
if the position signal 105 is changed in the fbmier or latter half in a frame period shown at the top row for the varioi^ 
situations of slow reproductk>n. 

Table 1 Read control signal 
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[0038] The read controller 1 14 generates the control signal (the fourth column in Table 1) by checking whether repro- 
duction of an area of M/{2N) tracks from the top (for reproduction in the normal direction) or the last (for reproduction in 
the reverse direction) of an area recording the data of one page is corrpleted in the former hatf or in the latter half in a 
frame period and whether the reprochiction of an area of M/(2N) tracks is perfomied zero, one or two times in the frame 
period. The read control signal 1 15 is sel. so thai an output tirne for a fiekf output through the output tenrra^ 117 on 
skTw reprodudion (high level of speed signal 1 13) becomes even in correspondence to the speed of slow reproduction 
according to the connbinations of the three signals 1 05. 1 1 2 and 1 1 3 shown in Table 1 . 
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[0039] The read control signal 11 5 is a 3-bit signal having eight values from 0 to 7. and ris uppermost bit represents 
rotation direction of the capstan motor or the reproduction direction. When the read control signal 1 1 5 Is 0, data in the 
first field of a frame is output in reproduction in the normal direction. When the read control signal lis is 1, data in the 
secorxJ field of a frame is output in reproduction in the normal cfirection. When the read control signal 1 15 is 2. data in 

5 the second field and those in the first field are output successively in reproduction in the nomnal direction. When the 
read control signal 1 15 is 3, data in the first field and those in the second field are output successively in reproduction 
in the normal direction. When the read control signal 115 ^ 4. data in the first field of a frame is output in the reverse 
reproduction. When the read control signal 1 15 is 5, data in the second field of a frame is output in reproduction in the 
reverse cfirection. When the read control signal 115^6. data in the second field and those in the first field are output 

10 successively in reproduction in the reverse direction. When the read control signal 1 15 is 7. data in the first field and 
those in the second field are output successively in reproduction in the reverse direction. 

[0040] Next it is explained why the read control signal 1 15 is determined by considering the phase in the position 
signal 105 in a frame period shown in the third ooliHnn in Table 1 . As mentioned above, the read controller 1 14 receives 
the position signal 105, the direction signal 112 and the speed signal 1 13 and generates the read control signal 115. 

IS The read control signal 115 controls how to read data from the Nfranrte memory 109 by the nri^^ 

reading has to be controlled according to a reprochiction position of the data to be written next to the N fran^e menrvMy 
109. If the position signal 105 is changed from low level a high level, it is decided that an area in correspondence to the 
first field ts being reproduced in the data to be written next to the N frame memory 109. Then, data in the first field is 
read from the N frame menrxxy 109. On the other hand, if the position signal 105 is changed from high level to low level. 

20 it is decided that an area in con-espondence to the second field is b^ng reproduced in data to be written next to the N 
frame memory 109. Then, data in the second field is read from the N frame memory 109. 

[0041] Further, it ts necessary to decide when the field to be read is changed, for example, at the top in an output 
franw or at a timing to output a second field in the output franrre. according as the phase change position of the position 
signal lOSexistsinthefbrmerhalf or in the latter half in a period of a frame. In this example, if the change position exists 

25 in the former haH in a frame period, the read field is changed at the top in an output franr>e in the output frame, while if 
the change position exists in the latter haK in the franrte period, the read field is changed at the r^ second 
field in the output franfie. If there is no charige point in tfie period of a franfie.wfien the position 105 is at high level, 
an area in correspondence to the first in the data on the tape ts being reproduced. Then, the first field is read from 
the memory. On the other hand, when the position signal 105 is at low level, an area in con-espondence to the second 

30 field in the data on the tape s being reproduced. Then, the second field is read from the memory. Thus, there are the 
combinations shcwm in Table 1, and the read control signal 115 can be output in con-esporvience to the operation in 
tape reproduction. 

[0042] Next, it \& explained how the n^emory controller 116 controls the N frame memory 109 according to the read 
control signal 115. The mevnoty controller 116 controls the reading from the N frame memory 109. The memory con- 
as toiler 1 1 6 reads data from the N frame menfx>ry 1 09 according to a combination of a prior read control signal in the prior 
frame before the current frame and a current read control signal. The reading is perfbrnDed accordng to Tat)le 2. In Table 
2, in the combinations of the read control signals of two frames with an open circle in the column of "change", reading 
is performed from the next frame at the next readng. The menwry controller 1 1 6 has a circuit which generates signals 
for accessing the N franie nriemory 1 09 to read a field designated by the read control si^ 
40 shown in the second column in Table 2. 



Table 2 



Reading by the memory controller 


Combination of read 
control signals 115 
of prior and current 
frames 


Read field in a frame 
period 


char)ge 


Combination of read 
control signals 115of 
prior arvi current 
frames 


Read field in a frame 
period 


Change 


0-0 


f1 




4-0 


f1 




0-1 


f1 




4-1 


f1 




0-2 


f1/f2 




4-2 




O 


0-3 


f1 


O 


4-3 


f1 




0-4 


f1 




4^ 


f1 


O 


0-5 


f1 


O 


4-5 


f1 


O 
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Table 2 (continued) 





Reading by the memory controller 


5 


Combination of re^ 

of prior and current 
frames 


Read field inaframe 
period 


change 


Comt)jnati(^ of read 

prior and current 
frames 


Read f\eki in a frame 

pUiKAJ 


Change 




0-6 


f1 


O 


4-6 


fi 


O 


10 


0-7 


f1 


O 


4-7 


fi 


O 




1-0 


f1 


O 


5-0 


fi 


O 




1-1 


12 




5-1 


f2 




ID 


1-2 


f2 


O 


5-2 


f2 


O 


1-3 


f2 


O 


5-3 


fZ 


O 




1-4 


f2 




5-4 


fZ 






1-5 


f2 




5-5 


f2 




20 


1-6 


fZ 




5-6 


fZ 






1-7 




o 


5-7 


e/fi 


o 




2-0 


fi 




&0 


fi 






2-1 


fi 




6-1 


fi 




2-2 


f1/f2 


o 


6-2 


f1/f2 


o 




2-3 


f1/f2 




6-3 


U/fZ 






2-4 


f2/ri 




6-4 


f2/f1 




30 


2-5 


f2/n 


o 


6^5 


fzn^ 


o 




2-6 


e/fi 


o 


6-6 


e/fi 


o 




2-7 


f2Jf^ 


o 


6-7 


e/fi 


o 


35 


3-0 


f1/f2 


o 


7-0 


f1/f2 


o 




3-1 


f1/f2 




7-1 


f1/f2 






3-2 


f1/f2 


o 


7-2 


fw 


o 




3-3 


f1/f2 


o 


7-3 


f1/l2 


o 


40 


3-4 


f2 




7-4 








3-5 


f2 




7-5 


12 






3-6 


f2/f1 




7-6 


12/11 




45 


3-7 


f2/n 


o 


7-7 


12/f1 


o 



[0043] As mentioned akXTve, a characteristic at the reading is that reading is performed from the N frame memory 1 09 
according to a combination of a prior read control signal before one frame and a current read control signal. At the end 
of a unit of N frames, the secorvJ field in a prior frame and the first field in a current frarne cannot be read in a fieM^ Then, 
50 the FIFO memory 110 and the switch 111 are controlled to provide data read from the N frame menK>ry 109 through 
the output termina) 117 as intended by the read control signal 115. 

[0044] Next, the switch 111 is explained. The switch 1 1 1 is controlled by the enable signal generator 120 to select the 
field si^ials 118 or the delayed field signals 119, and the enable signal generator 120 generates an enable signal 
according to the combination of a prior read control signal before one frame and a current read control si^ial as shown 
55 inTable3. In the "active" column at the switch 111 in Table 3, "H" shows that the field signal 118 is selected, while "L" 
shews that the delayed field signal 1 19 is selected. For example, for "HL" in the active column, the field signal 118 is 
selected in theformerhatf inaframe. while "L"showsthatthefield signal 119 s selected in the latter haH in thefr^ame. 
Especially, when the read control signal is 2 or 7. the reading from the N frame memory 115 is not performed as 
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intended by the read oontrol sigr^ 115. Then, theawrtch 111 selects the output field as intended by the read control 
signal 115. 



Tabled 





Operation of switch 


10 


Combination of read 
control signal 115 of 
|jiiui dJiu cuii em iicimeo 


Active in themitch 111 


Ckxrbination of read 
control signals 115 of 
pnor anu currem irarnes 


Active in the switch 111 




ri-n 


nn 


4-0 


1 II 1 

HH 




t\ 1 
U-l 


MM 


4-1 


1 11 1 
HH 






ML 


A O 

4-^ 


1 II 
HL 


15 


U-o 


MM 


A 4 

4-3 


HH 




0-4 


1 II 1 
HH 


4-4 


HH 




U-o 


11 11 
MM 


A C 

4-5 


1 II 1 
HH 


20 


o-o 


MM 


A C 

4-6 


HH 




ft "? 


1 II 1 
MM 


4-7 


HH 




1-U 


MM 


C ft 

5-0 


HH 




1-1 


LIU 

MM 


5-1 


HH 


25 


1-Z 


1 II 1 
HH 


5-2 


HH 




i-o 


MM 


5-3 


HH 




1-4 


HH 


5-4 


HH 


30 


l-O 


1 II 1 
HH 


5-5 


HH 




1 -A 
l-D 


LI LI 

HM 


5-6 


HH 




1-/ 


LIU 

MM 


5-/ 


1 11 1 
HH 


35 




1 1 

UL 


5-0 


LL 




1 1 
LL 


o-i 


LL 






1 1 




LL 






1 1 




LL 


40 




1 1 
Li_ 


0-4 


MM 






1 1 
Ll_ 


O-O 


uu 
MM 






1 1 

LL 


O-O 


uu 
HH 


45 


2-7 


LL 


6-7 


HH 


3-0 


HH 


7-0 


HH 




3-1 


HH 


7-1 


LL 




3-2 


HH 


7-2 


LL 


50 


3-3 


HH 


7-3 


LL 




3-4 


LL 


7-4 


LL 




3-5 


LL 


7-5 


a 


55 


3-6 


LL 


7-6 


LL 


3-7 


LL 


7-7 


LL 



[0045] Next, the video signal processor having the components to be operated as explained above is explained on 
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slow reproduction of 1/3 times speed for a case of N=1, M=10 and N=10. For signals reproduced with the nnagnetic 
head 101 , a reproduction processor 102 performs reproduction processes such as amplification and equalizabion for 
waveform. Then, an inner correction decoder 103 receives signals in the unit of sync block on recording and performs 
inner correction accorcfing to the parity codes for inner correction. The position detector 104 detects first arKi second 

5 position informations in the data which have been subjected to inner correction in the unit of sync block and generates 
the position stgnall 05. Further, the data which have t>een subjected to inner correction in the unit of sync bkx^k are also 
output to an outer correction decoder 106 and written to the memory 107 for outer correction at predetermined posi- 
tions. The data written In the menxxy 107 are sut>jected to out^ correction based on parity codes which have t>een 
added on recording in the unit of sync block for a predetermined number of data. After one page of the data which have 

10 been si^ected to outer correction are provided, the data are sut)jected to high efficiency decoding by the high ^i- 
dency decoder 108 and recorded in the frame memory 109 as data in the unit of one frama The read controller 114 
outputs the read control signal 1 15 shown In Tat)le 1 in correspondence to the position signal 105, the drection signal 
112 which represents reproduction of normal direction and the speed signal 1 13 which represents slew reproduction 
according to an algorithm shown in Rg. 7. The memory controller 116 supplies signals to read field signals from the 

IS frame memory 109, as shown in T^le 2, according to the read control signal 115. The switch 1 1 1 selects the field sig- 
nals 1 1 8 or the delayed field signals 1 19 to t>e output through the output terminal 1 1 7, as shown in Table 3, according 
to the enable signal supplied by the enatsle signal generator 120 according to the read corrtrol signal 115. 
[0046] Next, flow of signals on the above-mentioned slow reproduction \s explained with reference to the time chart 
shewn in Rg. 7 on slow reproduction of 1/3 tintes speed, wherein reference sign "A" represents a page on tfie tape. If 

20 N = 1 , the page and the frame have the same unit, and Z, A and B represents page in frames. Data "B" represents deter- 
mined second position information, signal "C represents position signal 105. signal "D" represents direction signal 1 12, 
signal "E" represents speed signal 113, signal T" represents frame signal as a refererK:e in the system, page "G** rep- 
resents page sii>jected to outer correction, frame "H" represents frame to be written to the N franYe memory 1 09, signal 
T represents read control signal 1 15, field "J" represents field to be read from the N frame menxHy 109, wherein for 

25 exanple A1 and A2 denote first field and second fi^, signal "K" represents output from the FIFO memory 1 10. refer- 
ence sign V represents active side of the switch 111, and f iekl "M" represents field to be output through the output ter- 
minal 117. 

[0047] In Rg. 7 only second position information (B) is shown, htowever, because N = 1. the position signal 105 (C) 
is generated only according to the second position information. In the stow reproduction of 1/3 times speed, direction 

30 signal (D) is at tew level, and speed signal (E) is at high level. The page (G) is the same page as the reproduced page, 
the frame (H) is a frame written in a page before the page (G) one page, arxl the read control signal (0 is derived 
from Table 1 , accordir^ to the algorithm shown in Rg. 7. An image in slow reproduction of 1/3 times speed is output 
through the output ternrvnal 1 1 7 (M) by operating the field "J" and the active side "L** of the switch 1 1 1 according to the 
read control signal 1 15 (I). In this case, data (J) read from the N frame menrK>ry 109 are output through the output ter- 

35 minal 1 17 (M), and the output fields are changed as Z2, A1. A1, A1. A2, A2, A2, B1 and the like. Thus, the output time 
for output fields becomes even, and the movemerrt of image in stow reproduction becomes snK>oth. 
[0048] Rg. 8 shows a time chart where the position signal 1 05 (C) has different phase relative to frame signal (F) from 
Rg. 7. In this case, there is a corxiition that the read control signal 115 (I) is 2. The output fields (J) from the N frame 
memory 109 become A1, A1, A1. A1, A2 arxi A2. Then if these output fields are output, the output time of the output 

40 fields do not become even, and the nwvement becomes awkward. Then, by using the switch 1 1 1, tfie output from the 
N frame merrxxy 109 and the output from the FIFO memory 1 1 0 are controlled accorcfing to the reed control signal 115. 
Thus, output fields from the output terminal 1 1 7 (M) are Z2, Z2, A1 , A1 . A1 , A2, A2, A2 successively, so tfiat the output 
time of the output fields becomes even and tfie movement of image in stow reproduction becomes smooth. 
[0049] As explained above, in a digital video cassette recorder, the position on the tape is detected on reproduction, 

45 and the read from the N frame menK>ry 110 and the change in tfie switch 1 1 1 are controlled accorcfing to the detected 
positioa Then, the output time of the output fields t>ecomes even, and the motion of image becomes smooth in slow 
reproduction. 

[0050] lntiieatx]ve-mentionederrtxxiiment,afrarnecoriststsoftwofields. 

to examples if a frame does not consist of fiekls. The invention can be applied to cases where signals of a page of N 
50 frames are reproduced from M tracks. 

[0(^1 ] In the abcve-mentioned embodiment, data are recorded arvJ reproduced with shuff Eng. However, the invention 
can also be applied to examples when shuffling is not used. 

[0052] The invention can be applied to various types of reproduction. For example, it can be applied to intermittent 
stow reproduction. 

55 [(JOSSl Although the present invention has t>een fully descrit>ed in connection with the prefen-ed embocfiments thereof 
with reference to the accompanying drawings, it is to be noted tfiat various changes and modifications are apparent to 
those skilled in ttie art Such cfianges and mocfiftoations are to be undastood as included within the scope of tfie 
present invention as defined by the appended claims unless they depart therefrom. 
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Claims 

1 . An apparatus reproducing signals recorded on a tape in slow reproduction, wherein the signals are conrpressed to 
digital data and recorded in predetennined M tracks (M ^ 1) on a tape with helical scan in the unit of a page con- 

5 sisting of N frames (N ^ 1). and position data representing position in the M tracks are added to the digital data on 
recorcfing at predetermined positions in the M tracks, conprising: 

a reproduction processor which converts signals reproduced from a magnetic tape to compressed digital data; 
a decoder which decodes the compressed digital data reproduced by said reproduction processor to digital 
10 data; 

a first storage desnce which stores the data decoded by said decoder in the unit of N frames; 

a secorxi storage device which delays data received from said first storage device by a time of a frame; 

a position detector which detects the position data in the data reproduced by said reproduction processor to 

determine which reproduction position is reproduced by said reproduction processor in an area where the data 

IS in a page are recorded; 

a read controller which receives the determined reproduction position from said position detector during a 
frame period arxi generates a control signal according to the determined reproduction position observed dur- 
ing a franrve period, the control signal t>&ng determined to make output time of a frame even; 
a memory controller which confrols readng from said first staage device according to the control signal 

20 received from said read confroUer; and 

a switch which selects data to be output between data received from said first storage device and data received 
from said second storage device according to the control signal received from said read controller. 

2. The apparatus according to daim 1 . wherein a frame conssts of two f iekte, said second storage device delays data 
25 received from said first storage device by a time of a f ieM. and said read confroller generates the control signals by 

checking whether reproduction of an area of M/(2N) tracks of an area recording the data of one page is completed 
in the fornter half or in the latter half of a frame period and wt>ether the completion of the reproduction of an area 
of M/(2N) tracks is zero^one or two times in a frame period, the control signal being determined to make output time 
of a f iekJ even. 

30 

3. The apparatus according to daim 1 or 2, said menrK3ry controller controls the reading aocorc£ng to a combination 
of the confrol signal of a prior frame and tfiat of a current frame. 

4. The apparatus according to one of claims 1 to 3, said switch selects the data to be output according to a corriMna- 
35 tk>n of the confrol signal of a prior frame and that of a cun-ent frame. 

5. The apparatus according to one of claims 1 to 4. said decoder comprising an inner confection decoder and an outer 
correction decoder, the positk>n data being added to the digital data subjected to outer correction, said inner cor- 
rection decoder sutsjecting the data reproduced said reproduction processor to inner correction decoding, said 

40 read confroller receiving the data from said f irst inner correction decoder and detecting the positk>n data therein. 

6. The apparatus according to one of claims 1 to 5, wherein the position data indudes afirst position information rep- 
resenting a position in a track and a second position infonmation representing a track in the M fracks. 

45 7. The apparatus according to daim 6. wherein said position detector det^mines the second positk>n information 
detected at the last in a scan and detects tfie first position information detected first after the determined secorvi 
position information is changed. 

8. The apparatus according to daim 6. wherein said position detector determines the second position information with 
50 a margin on the second position information detected currently. 

9. The apparatus according to one of daims 1 to 8. wherein data are recorded to the tape with shuffling in the M tracks 
and said reproduction processor converts the signals to the digital data without shuffling. 

55 10. The apparatus according to one of claims 1 to 9. wherein said read controller generates the confrol signal further 
by taking direction of tape running into account 

11. A method for reprodudng signals recorded on a tape in stow reproduction, wherein the signals are compressed to 
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digital data and recorded in M tracks (M ^ 1 ) on a tape with helical scan In the unit of a page consisting of N frames 
(N ^ 1 ), and position data representing position in the M tracks are added to the cfigital data on recording at prede- 
termined positions in the M tracks, comprising the steps of: 

converting signals reproduced from a magnetic tape to compressed dig^l data; 

detecting the position data in the reproduced data to determine which reproduction position is reproduced in 
an area where the data in a page are recorded; 

generating a control signal accorcfing to the determined reprcxiuction position ot)served during a frame period, 
the control sigrial being determined to make output time of a frame even; 
decoding the reproduced digital data; 

storing the decoded data in a first storage 6&nce in the unit of N frames; 

storing data received from the first storage device in a second storage device for delay by a time of a frame; 
controlling reading from tf^ first storage de^nce according to the control signal; and 
selecting data to be output between data received from the first storage device and data re^^ sec- 
ond storage device according to the control signal. 

12. The method according to daim 11. wherein a frame cons^ of two fields, data received from the first storage 
device is delayed by a time of a fleki, and the control signal is generated by checking whether reproduction of an 
area of M/(2N) tracks of an area recording the data of one page is completed in the former half or in the latter half 
of a frame period and whether the completion of the reproduction of an area of M/(2N) tracks is zero^ one or two 
times in a frame period, the control signal t>eing determined to make output time of a f iekJ even. 

1 3. TTie apparatus according to claim 1 1 or 1 2, wherein the positk>n data includes a first positron information represent- 
ing a recording position in a track and a second position information representing a track position in the M tracks. 
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